Association of an altered expression of placental mucin 1 (MUC1) with first-trimester spontaneous abortion and its regulation in placenta by an invasion-promoting peptide, adrenomedullin 2 (ADM2), is not known. The objective of this study was to assess 1) the association of MUC1 mRNA expression in the placental villi and decidua with first-trimester spontaneous abortion, 2) the effects of ADM2 on the expression of MUC1 in trophoblast cells in the presence or absence of hypoxia, 3) the effects of ADM2 on expression of MUC1 in decidual stromal cells (DSCs), and 4) if ADM2 regulates the expression of MUC1 and MMP2 protein in trophoblastic spheroids. Data demonstrate that 1) expression of MUC1 mRNA in villous tissue is higher in spontaneous abortion compared to age-matched electively terminated pregnancies (P . 0.05), 2) ADM2 decreases the expression of MUC1 mRNA and protein in trophoblast cells and spheroids with concomitant increases in MMP2 immunoreactivity in the spheroids, 3) ADM2 decreases hypoxia-induced increases in MUC1 immunoreactivity in trophoblast cells, 4) decidual MUC1 mRNA expression is lower in spontaneous compared to elective abortions (P , 0.05), and 5) DSCs express MUC1 mRNA and protein and ADM2 decreases the expression of MUC1 mRNA and protein in DSCs. Taken together, this study demonstrates that first-trimester spontaneous abortion is associated with increases in MUC1 expression in villi and decreases in the decidual tissues, and suggests that ADM2 may contribute to the physiology of embryo implantation and placental growth via increasing MMP2 and decreasing MUC1 expression to facilitate trophoblast invasion. adrenomedullin 2, human placenta, MUC1, trophoblast cells
INTRODUCTION

Mucin 1 (MUC1) is a hypoxia-inducible O-glycosylated
transmembrane protein present at the apical surface of epithelial cells in the endometrium throughout the menstrual cycle [1] [2] [3] . A recent study shows that MUC1 is expressed in the trophoblast cells of villi, and in trophoblasts that have invaded the decidual segment [4] . In addition, in vitro studies indicate that MUC1 may inhibit trophoblast invasion and promote transendothelial migration [5, 6] . Endometrial MUC1 expression is elevated during the peri-implantation period [7] and MUC1 is suggested to be the first molecule that the embryo encounters before adhering to the endometrium [8, 9] . In the uterus, MUC1 suppresses the interaction between the implanting embryo and maternal endometrial adhesion molecules, thus creating a barrier to implantation in humans [8] and many other mammalian species [10] [11] [12] . Removal of MUC1 is necessary for successful implantation in humans [8, [13] [14] [15] . It is thought that the paracrine signals originating from the embryo and its local milieu participate in MUC1 clearance from the site of embryo implantation [16] .
In human placenta, expression of MUC1 increases with advancing pregnancy, and severe preeclampsia (PE) is associated with further increases in placental MUC1 [17] . In addition, studies show that MUC1 helps to avoid alloreactivity at the maternal-fetal interface [18] , restricts proliferation of decidual natural killer (dNK) cells, and regulates their cytotoxic mediator content [19] . An aberrant expression of the factors that regulate trophoblast invasion in early gestation results in pathological pregnancy states, such as intrauterine growth restriction (IUGR), PE, and spontaneous abortion [18, [20] [21] [22] [23] . However, it is not known if first-trimester decidual stromal cells (DSCs) express MUC1 or if adrenomedullin 2 (ADM2; an invasion-promoting peptide) regulates the expression of MUC1 at the maternal-fetal interface in human pregnancy.
We recently reported that ADM2 is present in Day 5 human blastocyst secretome and lower serum levels of ADM2 are associated with spontaneous abortion [24] . In addition, ADM2 increases the invasive capacity of first-trimester extravillous trophoblast cells [24] . More importantly, we recently showed that inhibition of endogenous function of ADM2 in early rat pregnancy results in a reduced number of implantation sites accompanied by down-regulation of matrix metalloproteinase (MMP2/MMP9) system [25] . However, the mechanisms of ADM2 action at the maternal-fetal interface in human pregnancy are not known. Therefore, the focus of this study was to assess 1) the expression of MUC1 in villi and decidua obtained from different weeks of first-trimester placenta (6-14 wk), 2) if the expression of MUC1 mRNA is altered in the villous and decidual tissues obtained from spontaneous abortion, 3) the effect of ADM2 on the expression of MUC1 in trophoblast cells in addition to its effects on MUC1 and MMP2 immunoreactivity in trophoblastic spheroids, and 4) if MUC1 mRNA and protein are expressed in the decidual cells, and if ADM2 regulates the expression of MUC1 mRNA and protein in DSCs. Data from this study suggest that MUC1 is differentially regulated in villi and decidua during the first trimester, and that ADM2 inhibits the expression of MUC1 in HTR-8/SVneo cells, DSCs, and trophoblastic spheroids, with concomitant increase in MMP2 immunoreactivity in the spheroids. Further, ADM2 inhibits hypoxia-induced increases in MUC1 immunoreactivity in HTR-8/Svneo cells. Therefore, this study suggests that ADM2 may be a novel regulator of MUC1 expression at the maternal-fetal interface that may contribute to the process of embryo implantation and placental development in the human.
MATERIALS AND METHODS
Human Subjects
This study was approved by the Institutional Review Board at the University of Texas Medical Branch at Galveston (UTMB). The abortion tissues and blood were obtained at 6-14 wk of gestation from consented elective (before administration of any drug) and spontaneous abortion patients at Planned Parenthood Houston and at the on-site clinics of UTMB respectively, within the 30 min of the abortion procedure. The spontaneous abortion tissues were collected from patients diagnosed for fetal death by ultrasound typically within a few hours or days prior to evacuation of the uterine contents. The placental tissues were carefully dissected to exclude any membrane contamination, flash frozen for RNA isolation, embedded in optimum cutting temperature compound (OCT) to make 8-lm-thick sections for immunohistochemical studies, and used for cell isolation. The gestational ages were calculated from date of the last menstrual period with either ultrasound or clinical confirmation. Patients with maternal infection, chromosomal abnormalities, or any kind of physical insult were excluded.
HTR-8/SVneo Cell Culture
The HTR-8/SVneo cells (a kind gift from Professor Charles Graham of the Department of Anatomy and Cell Biology at Queen's University, Kingston, ON, Canada) were cultured in RPMI containing 10% fetal bovine serum (FBS) and followed by RPMI containing 2% bovine serum albumin (BSA) overnight prior to any treatment. HTR-8/SVneo cells were cultured at two separate atmosphere-controlled incubators either at 20% O 2 , 5% CO 2 (normoxia) and 378C or at 2% O 2 , 5% CO 2 (hypoxia) balanced with N 2 and at 378C in the presence or absence of ADM2 (10 À9 -10 À7 M) or ADM2 (10 À8 M) in the presence or absence of ADM2 antagonist (ADM2 10 À5 M). All treatments were done for 24 h either in 12-well plates for RNA extraction using Qiagen RNA extraction kit (Qiagen Inc.) or lab-Tek chambers (Electron Microscopy Sciences) for immunofluorescent staining.
HTR-8/SVneo Spheroid Generation and Treatments
The HTR-8/SVneo cells were used to generate the spheroids by hangingdrop method [26] . Seven hundred fifty cells were suspended in 7 ll of RPMI containing 2% FBS and 1% methylcellulose, cultured as a hanging drop on the lid of a Petri dish, and incubated in a humidified atmosphere of 95% (vol/vol) air, 5% (vol/vol) CO 2 at 378C for 24 h. Two to four spheroids were transferred to each well in eight-well lab-Tek chambers, treated with or without ADM2 (10 À8 M), and cultured as above for 24 h. The spheroids were either used for RNA isolation using a Qiagen RNA extraction kit (Qiagen Inc.) or fixed for immunofluorescent staining with MUC1 or MMP2 antibody.
Isolation and Culture of the DSCs
The samples of decidua from different patients were not mixed, to avoid the induction of cytokine secretion as a result of an allogeneic reaction of leukocytes that initially contaminate DSC cultures. The tissues were extensively washed in PBS and the decidua was carefully freed from the villous tissue. Decidual fragments were finely minced in RPMI 1640 medium with 100 IU/ml penicillin and 50 mg/ml gentamicin, followed by addition of collagenase (10 mg/ml), 0.5% trypsin, and 0.2% EDTA (Sigma), and incubated for 15 min at 378C. The reaction was stopped by adding an equal amount of cold RPMI containing 20% fetal calf serum (FCS; Gibco). The cell suspension was filtered through a 70-lm sieve and centrifuged at 425 3 g for 10 min. The supernatant was discarded and the cell pellet was resuspended in RPMI, layered on Ficoll-Paque (Pharmacia LKB), and centrifuged for 20 min at 600 3 g. The cells were collected from the interface, washed in PBS, and resuspended in complete growth medium (RPMI þ 10% FCS). The suspension, containing mainly DSCs and leukocytes, was incubated in culture flasks for 1 h in complete growth medium to allow macrophages, granulocytes, and gland cells to adhere to the flask. The supernatant, containing DSCs and lymphocytes, was washed and incubated in complete growth medium. After overnight incubation, DSCs adhered to the flask and lymphocytes present in the supernatant were discarded, leaving the adherent cells comprising of mainly DSCs. The corresponding culture medium was then replaced with fresh complete growth medium. Proliferating DSCs overgrew other possible contaminant cells, thus further guaranteeing the purity of the cultures. Cells were further purified by selection of vimentin-positive cells using the AutoMACS system (Miltenyi Biotec). Cells were tested for purity by immunohistochemical staining with vimentin and cytokeratin antibody (CK7). Purified DSCs were seeded in a 12-well plate for RNA extraction or lab-Tek chambers for immunostaining. Cells were grown to 70% confluency and starved in RPMI þ 2% BSA for 24 h prior to treatment with ADM2 (10 À9 -10 À7 M) or a single dose of ADM2 (10 À8 M). Cells were harvested after 24 h for RNA isolation using a Qiagen RNA extraction kit. (Qiagen Inc.) or fixed for immunostaining.
Immunofluorescent Staining
OCT-embedded frozen tissue sections, HTR-8/SVneo cells in monolayer, and spheroids were fixed with methanol and acetone mixture (1:1) for 15 min, washed twice for 5 min in PBS containing Tween-20, processed for immunofluorescent staining, and analyzed as reported earlier [27] . Primary antibody staining was done with rabbit anti-MUC1 antibody (gift from D. Carrson, Rice University, Houston, TX) or MMP2 antibody followed by incubation with donkey anti-rabbit IgG Alexa 488 or Texas red. Absence of antibody or rabbit IgG (Ready-to-Use; Dako) served as a negative control. Slides were counterstained with 4 0 ,6-diamidino-2-phenylindole (DAPI; Vector Laboratories, Inc.) and viewed by DP70 digital camera (Olympus Optical Co., Ltd.).
Isolation of Total RNA and Quantitative Real-Time PCR
Total RNA was isolated from tissues using TRIzol (Life Technologies) and from cells using an RNA extraction kit (Qiagen). Total RNA was digested with DNase I (cat. 79254; Qiagen), followed by cleanup procedures using a RNeasy minikit (cat. 74104; Qiagen) as per manufacturer's instructions, and cDNA was made as reported earlier [27] . Integrity of RNA was tested by running an aliquot of RNA on 1.1% agarose gel containing 2.2% formaldehyde in addition to testing on an Agilent 2100 Bio-analyzer system (Agilent Technologies). Quantitative real-time PCR was performed using SYBR Green (BioRad) on a CFX96 Real-Time PCR Detection System (cat. 184-5096; Bio-Rad) for MUC1 and glyceraldehyde phosphate dehydrogenase (GAPDH) using gene-specific primer assays (SA Biosciences). Amplification of GAPDH served as an endogenous control. Reactions were incubated at 958C for 10 min and cycled according to the following parameters: 958C for 30 sec (melt) and 608C for 1 min (anneal/extend) for a total of 40 cycles. Negative control without cDNA was performed to test primer specificity. The relative gene expression of MUC1 mRNA was calculated by using the threshold cycle (C T ) for GAPDH/C T . For no-RT control, nuclease-free water was used in place of the reverse transcriptase.
Statistical Analysis
Data sets were analyzed by Prism GraphPad Software. The means of the various groups were analyzed by unpaired t-test or one-way ANOVA and P 0.05 was considered statistically significant.
RESULTS
Correlation of MUC1 Expression in First-Trimester Villous Tissue with Spontaneous Abortion
MUC1 mRNA levels were assessed in villous tissue collected from women undergoing elective and spontaneous abortions at different weeks of the first trimester. Figure 1A shows that MUC1 mRNA expression was significantly higher in villous tissues from spontaneous abortion compared to agematched elective abortion (*P , 0.05). Similar to the expression of MUC1 mRNA in villous tissue from spontaneous abortion, MUC1 immunoreactivity was also greater in villous tissue of spontaneous abortion at Gestational Weeks 7 and 10 compared to the age-matched control ( Fig. 1B; magnification  4003 ).
Effect of ADM2 on the Expression of MUC1 mRNA in HTR-8/SVneo Cell Monolayers
As shown in Figure 2 , ADM2 dose-dependently decreased the expression of MUC1 mRNA ( Fig. 2A ; P , 0.05; n ¼ 3) in HTR-8/SVneo cells, and these effects were blocked in presence of ADM2 antagonist (ADM2 immunoreactivity ( Fig. 2B ; P , 0.05; n ¼ 3) was also decreased in the presence of ADM2 in HTR-8/SVneo cells. Further, Figure 2C shows that MUC1 immunoreactivity was higher in HTR-8/SVneo cells exposed to hypoxia, and these hypoxia-induced increases were inhibited in the presence of ADM2 (10 À8 M) (magnification 4003).
Effect of ADM2 on the Expression of MUC1 mRNA in HTR-8/SVneo Spheroids
The blastocyst trophectoderm cells express MUC1 [15] and ADM2 has been shown to be secreted by Day 5 human blastocyst [24] . Therefore, using spheroids of HTR-8/SVneo cells (as a model to mimic the blastocyst trophoblast), this study assessed the effects of ADM2 (10 À8 M) on the expression of MUC1 mRNA. Figure 3 demonstrates that similar to the HTR-8/SVneo monolayer, these trophoblastic spheroids also respond to ADM2 (10 À8 M) with a significant decrease in the expression of MUC1 mRNA ( Fig. 3A ; P , 0.05, n ¼ 3) and immunoreactivity (Fig. 3B) . In addition, concomitant to the ADM2-induced decreases in MUC1 expression, ADM2 stimulated an increase in immunoreactivity for MMP2 in the trophoblastic spheroids (magnification 4003).
Expression of MUC1 in First-Trimester Decidual Tissue and Its Correlation with Spontaneous Abortion
The expression of MUC1 mRNA was also assessed in decidual tissues collected at different weeks of the first trimester from women undergoing elective and spontaneous abortion. As shown in Figure 4A , the expression of MUC1 mRNA levels was significantly lower in the decidual tissues from spontaneous abortion when compared to age-matched controls (Fig. 4A, n ¼ 8-13 , P , 0.05). Further, immunofluorescent studies shown in Figure 4B were performed to assess the localization of MUC1 immunoreactivity in decidual tissues obtained from elective terminations during the sixth and 10th weeks of gestation. Figure 4B shows that MUC1 immunoreactivity was localized to the DSCs and to the trophoblast cells that had invaded the decidua in the first trimester. However, interestingly, the expression of MUC1 immunoreactivity was more prominent in vimentin-positive stromal cells compared to the trophoblast cells in decidua from 6-wk elective abortion, whereas in decidua from 10-wk elective abortion, MUC1 immunoreactivity was more prominent in the trophoblast cells compared to the stromal cells (Fig. 4B) .
Effect of ADM2 on the Expression of MUC1 mRNA and Protein in Primary DSCs
The stromal cells were isolated from the decidual tissues obtained from the elective abortions at 6 and 11 wk of gestation to confirm RNA and protein expression of MUC1 in DSCs. As shown in Figure 5A , DSCs isolated were .98% pure. Further, Figure 5B demonstrates that ADM2 (10 À8 M) causes a decrease in MUC1 immunoreactivity in DSCs isolated from decidua at 11 wk (magnification 4003). In addition, similar to the effect on MUC1 immunoreactivity in DSCs, ADM2 (10 À9 -10 À7 M) dose-dependently decreased the expression of MUC1 mRNA in the isolated DSCs ( Fig. 5C ; P , 0.05; n ¼ 3).
DISCUSSION
Trophoblast invasion is the hallmark of first-trimester placental development and depends immensely on the invasion-promoting and inhibitory factors expressed at the maternal-fetal interface. The current study demonstrates that the expression of MUC1 is higher in placental villi and lower in the deciduae of human pregnancies undergoing spontaneous abortion in the first trimester compared to age-matched electively terminated pregnancies. Further, ADM2, an invasion-promoting peptide, caused decreases in the expression of MUC1 in the trophoblast cells as well as in the DSCs from first-trimester human placenta and in trophoblastic spheroids with concomitant increase in the expression of MMP2 in the spheroids. Taken together, this study demonstrates an association of altered expression of MUC1 with spontaneous abortion and that ADM2 regulates the expression of MUC1 in trophoblast cells and in DSCs to support early stages of placental formation in human pregnancy.
Previous reports indicate that MUC1 expression is elevated in carcinoma tumors and by hypoxia [1, 2] . In addition, the expression of MUC1 is reported to be higher in placenta from severely preeclamptic compared to normal pregnant women [5, 6, 28, 29] , and PE is also known to be associated with placental hypoxia [5, 6, 28, 29] . Thus, the inhibitory effect of MUC1 on trophoblast invasion together with the elevated MUC1 levels in PE allows us to speculate that the pregnancies that develop into PE could have higher MUC1 levels in the placenta during early weeks of placental formation, which then may result in inefficient remodeling of spiral arteries and shallow trophoblast invasion [5, 6] . This speculation, to an extent, is supported by the elevated levels of MUC1 mRNA and protein in the villous tissue of first-trimester spontaneous abortions compared to those of age-matched controls (Fig. 1, A and B ; P , 0.05). Moreover, the elevated levels of MUC1 in spontaneous abortion could be the cause or a consequence of the hypoxic state of pregnancies undergoing spontaneous abortion in the first trimester. Therefore, it is possible that those pregnancies with severe pathological hypoxia could elevate MUC1 levels during early pregnancy, resulting in spontaneous abortion in the first trimester. However, mild pathological hypoxia may À8 M)-induced decreases in MUC1-specific immunoreactivity (green) in HTR-8/SVneo monolayer, and bar graph represents the mean 6 SEM of the average staining intensity (*P , 0.05; n ¼ 3; original magnification 3400). C) Immunofluorescent staining of HTR-8SV/neo cells exposed to hypoxia (2% O 2 ) in the presence or absence of ADM2 (10 À8 M). Bar graph represents the average staining intensity expressed as the mean 6 SEM (*P , 0.05; n ¼ 3). IgG was used as negative control and DAPI for blue nuclear staining. Original magnification 3400.
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still elevate MUC1 levels, perhaps not as highly as in spontaneous abortion, allowing the pregnancy to continue, but with complications such as PE and IUGR.
Recently it was reported that inhibition of the endogenous ADM2 function in early rat pregnancy resulted in impaired embryo implantation and restricted feto-placental growth [25, 30] , and that ADM2 promoted the invasive capacity of firsttrimester trophoblast cells in the human placenta [24] . The current study demonstrates that ADM2 causes a significant decline in the expression of MUC1 mRNA ( Fig. 2A) and protein (Fig. 2B ) in HTR-8/SVneo cells, and that addition of ADM2 to trophoblast cells exposed to hypoxia inhibits the hypoxia-induced increase in MUC1 immunoreactivity in trophoblast cells (Fig. 2C) . Therefore, these data suggest ADM2 is a novel regulator of MUC1 expression in the trophoblast cells, and that ADM2 may have a protective role in gestational hypoxia that accompanies pregnancy complications such as PE, IUGR, and gestational diabetes by regulating MUC1 expression.
MUC1 is an extremely potent inhibitor of embryo attachment to the uterine epithelia [13, 31] . However, in vitro implantation models indicate that MUC1 is lost only at the site of embryo attachment in humans [8, 15, 32] , suggesting that factors expressed on the blastocyst surface or released from blastocyst trigger the loss of MUC1 at the point of contact. Matrix metalloprotease 2 (MMP2) is expressed consistently during development from one-cell to blastocyst stage and MT1-MMP that activates pro-MMP2 protein is suggested to have a sheddase activity on MUC1 [33] . Because we showed earlier that ADM2 regulates the expression and activity of MMP2/9 during implantation and early placentation in rat pregnancy [25] , we hypothesized that ADM2 would increase the expression of MMP2 and decrease the expression of MUC1 in human trophectoderm trophoblasts to support implantation Figure 3 , ADM2 causes an increase in MMP2 immunoreactivity, which is concomitant to a decrease in the expression of MUC1 protein in the trophoblastic spheroids.
In contrast to the villous tissue, expression of MUC1 mRNA in the decidua is significantly lower in spontaneous abortion compared to that in age-matched elective abortions, suggesting an association of lower MUC1 mRNA with first-trimester spontaneous abortion ( Fig. 4A ; P , 0.05). Early phases of human pregnancy are associated with the accumulation of a unique subset of natural killer (NK) cells in the maternal decidua. Decidual NK cells that are devoid of cytotoxicity play a pivotal role in successful pregnancy. By secreting large amounts of cytokines/chemokines and angiogenic factors, dNK cells participate in all steps of placentation, including trophoblast invasion into the maternal endometrium and vascular remodeling.
The villous-independent phase of spiral artery remodeling at the onset of pregnancy is thought to be mediated, at least in part, by uterine NK cells, which accumulate around spiral arteries [34] . Functionally in decidua, MUC1 is shown to restrict proliferation of NK cells and regulate their content of cytotoxic mediators [19] . Thus, an abnormal level of decidual MUC1 is likely to have an adverse effect on the establishment of a successful pregnancy, and decreases in the decidual MUC1 in spontaneous abortion could be the cause or consequence of a pathological condition. However, although these data suggest that first-trimester spontaneous abortion is associated with decreases in the decidual MUC1 mRNA, they should be interpreted with caution because of the heterogeneous nature of the decidual tissue, which comprises different cell types, such as leukocytes, dNK cells, stromal cells, and trophoblast cells, that could contribute to the expression of MUC1 mRNA in the decidual tissue.
On examining the localization of MUC1 protein in the decidua obtained during the different weeks of first-trimester elective abortions, intense MUC1 immunoreactivity was found localized to the stromal cells as well as to the trophoblast cells that had invaded the decidua. Interestingly, the stromal cells expressed relatively higher amount of MUC1 immunoreactivity compared to the trophoblast cells in the decidual tissue from elective abortion at 6 wk, whereas at 10 wk decidua MUC1 immunoreactivity was decreased in the stromal cells with concomitant increase in the trophoblast cells (Fig. 4B) . This and trophoblast cells (T). As shown, MUC1 immunoreactivity is stronger in SC compared to T in 6-wk decidua, whereas in 10-wk decidua, MUC1 immunoreactivity is more prominent in T compared to SC. IgG staining was used as negative control and DAPI for blue nuclear staining. Original magnification 3400.
FIG. 5. Isolation of DSCs from first-trimester decidual tissues and the effects of ADM2 on the expression of MUC1 protein and mRNA in the DSCs. A) The primary DSCs isolated from 11-wk elective abortion were stained with vimentin. More than 98% of DSCs were vimentin positive (red). B) Immunofluorescent staining of MUC1 (red) in DSCs isolated from 11-wk decidua and treated with ADM2 (10 À8 M). The figure shows ADM2-induced decreases in MUC1-specific immunoreactivity (red). IgG staining was used as negative control and DAPI for blue nuclear staining (original magnification 3400). C) Quantitative PCR analysis showing ADM2-induced dose-dependent decreases in the expression of MUC1 mRNA in primary DSCs. The bar graph represents the mean 6 SEM of 3 replicates (*P , 0.05).
ADRENOMEDULLIN 2 AND MUC1 IN PLACENTA
suggests that the MUC1 expression is differentially regulated with time and space in decidua during the first trimester of human pregnancy. The expression of MUC1 was further confirmed in primary DSCs isolated (.98% pure; Fig. 5A ) from pregnancies that were terminated electively during 6 and 11 wk of gestation as described in Materials and Methods. The MUC1 protein and mRNA were expressed at both the sixth and the 11th week of gestation (data not shown), and ADM2 (10 À8 M) caused significant decreases in the expression of MUC1 protein (Fig. 5B) as well as mRNA in DSCs ( Fig. 5C ; P , 0.05). The current study suggests that the DSCs could be a potential source of MUC1 acting on dNK cells, and that ADM2 may be involved in regulating MUC1 expression in decidua to facilitate implantation and early placental formation.
In summary, the current study demonstrates that ADM2 causes decreases in the expression of MUC1 mRNA and immunoreactivity in trophoblast cells and DSCs from firsttrimester human placenta. Moreover, ADM2 also causes decreases in MUC1 mRNA and immunoreactivity along with a concomitant increase in MMP2 immunoreactivity in the trophoblastic spheroids. We therefore suggest that higher expression of ADM2 in the maternal-fetal interface during early gestation may have a physiological role in maintaining optimal MUC1 expression to promote implantation and facilitate efficient trophoblast invasion to support the progression of a healthy pregnancy. Future studies utilizing cocultures of 1) trophoblast cells and DSCs and 2) trophoblast cells and endometrial epithelial cells with knockdown and overexpression of MUC1 will help to further dissect the ADM2-MUC1-specific pathways in trophoblast invasion.
